The effect of new corrosion inhibitors, namely pyridine, 2-methylpyridine (2-picoline), 4-methylpyridine (4-picoline), 2,4-dimethylpyridine (2,4-lutidine), on the corrosion of ΑΙ-surface in hydrocholoric acid (HCl) and nitric acid (HN0 3 ) was investigated at the HF and B3LYP level using the ab initio 6-31G and LANL2DZ basis sets from the program package Gaussian 98 ( A.7 Public Domain version ). The physico-chemical properties of corrosion inhibitors are one of the principal criteria for the determination and selection of inhibitors. The inhibition of the Al-surface in solutions of hydrocholoric acid and nitric acid by some Nheterocyclic compounds has been studied. The calculated results indicate that the compounds were adsorbed on the metal surface mainly in their protonated forms. In the Al-surface charge is transferred to the inhibitor and the organic inhibitor is adsorbed at the Al-surface in an inclined state. The co-adsorption of the inhibitor and CI or NO^ and H^ is discussed. The results show that pyridine and its derivatives can act in hydrocholoric acid better than nitric acid media. In other words the stabilization energy increases in hydrocholoric acid.
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Aluminum crystallizes in the face-centered cubic (fee) system having a unit cell of 0.40496 nm at 20°C.The unit cell contains four atoms and has a coordination number of 12.The distance of closest approach of atoms is 0.28630 nm 111. In this model, we use the Al-surface formed by 18 atoms on (111) crystal plane of Al (see Fig. 1 ). For each of the crystal systems, there are in principle an infinite number of possible surfaces which can be exposed. In practice, however, only a limited number of planes are found to exist in any significant amount and we can concentrate our attention on these surfaces. Furthermore, it is possible to predict the ideal atomic arrangement at a given surface of a particular metal by considering how the bulk structure is intersected by the surface. First, however, we need to look in detail at the bulk crystal structures.
The fee and hep structures are closely related: they are both based upon stacking layers of atoms, where the atoms are arranged in a close-packed hexagonal manner within the individual layer.
The use of inhibitors is one of the most important methods for protection against corrosion, especially in acidic media.The progress in this field has been phenomenal in recent years and is borne out by the output of literature.
Most of the well known acid inhibitors are organic compounds containing nitrogen, sulphur and oxygen atoms.The influence of organic compounds containing nitrogen, such as amines and heterocyclic compounds, on the corrosion of aluminum in acidic solutions has been investigated. Quaternary onium compounds were described in the literature as inhibitors against the acid corrosion of aluminum and ΑΙ-alloys /8/.
Pyridine, C S H S N, is a mixed heterocyclic compound containing one nitrogen atom. Pyridine and its homologues are commonly called pyridine bases. Pyridine is miscible in all proportions with water and most Volume 26, No. 6, 2003 Quantum Chemical Parameters of Some Organic Corrosion Inhibitors, Pyridine, 2-Picoline 4-Picoline and 2,4-Lutidine common organic solvents and has a boiling point 35°C higher than benzene. Pyridine and alkylpyridines are produced commercially by synthesis as well as from coal tar. Commercially important compounds are pyridine,2-methypyridine(2-picoline), 4-methypyridine(4-picoline),2,4-dimethypyridine(2,4-lutidine) 111.
The adsorption models of pyridine and its derivatives on the Al-surface were optimized by Gaussian.
Energies of formation for all the molecules were found. The stabilization energy, E s , is given as:
where E p represents the total energy of the given adsorption model consisting of protonated pyridine derivatives and the Al-surface, E r is the sum of the total energy of the free protonated molecule of the inhibitor and the energy of the Al-surface without interaction.
Other electronic properties calculated include the net atomic charge , Q; the change value of the net charge of the -NH group in the pyridine ring , AQ NH + ; the net charge change of the Al-surface, AQ A |. sllrfact .;
the adsorption distance, R; adsorption angle, A ; adsorption dihedral angle, D.
4.DISCUSS10N AND RESULTS:
The inhibition efficiency depends on the parameters of system: metal composition , pH and structure of In this paper the electronic structure of both inhibitor and aluminium surface is important .The efficiency of an organic inhibitor of metallic corrosion does not only depend on the structure of the inhibitor molecule, but also characteristics of the environment in which it acts, on the nature of the metal and the other experimental conditions. Under certain conditions of the experiment, the electronic structure of the organic inhibitors has a key influence on the corrosion inhibition efficiency to the metal.
Μ. Monajjemmi et al. Main Group Metal Chemistry
In this model, the inhibitor molecule is adsorbed at the Al-surface in an inclined state (Figs. 2, 3 ). We found distance between Ν atom in the pyridine ring and Al (1) atom in the Al-surface.Their common point is that the Ν atom in the ring is nearer to the Al-surface. Since the pyridine ring has three double bonds, six electrons exist, which are sufficient for aromatic ring formation without involving the lone pair electrons of the nitrogen atom. However, the nitrogen atom has a higher electronegativity than the carbon atoms /30/.
Fig. 2:
Characteristics of the adsorption of non-protonated pyridine . 
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Quantum chemical values of the inhibitor's adsorption on the Al-surface with nonprotonated and protonated pyridine derivatives.
The major structural differences between the molecules are attributed to the adsorption distance, R; adsorption angle, A; adsorption dihedral angle, D; optimized charge. Q; stability energy; Ε (Tables 1 to 6 and Figs. 4, 5).
From Table 3 , we find that the corrosion inhibition efficiencies might relate to the stabilization energies (E s ). The simple regressions are obtained with the inhibition efficiencies (η) and the stability energy (E s ) in the non-protonated pyridine derivatives in Table 3 .The linear regression shows the following relationships:
where R is the correlation coefficient. It shows that the correlation is disappointing.
Pyridine and its derivatives are easily protonated in hydrochloric acid (HCl) because they are weak bases.
According to the values in Table 6 and η ( Table 1 Optimized coordination values of non-protonated pyridine and its derivatives. Table 2 Optimized charges values of non-protonated pyridine and its derivatives. Table 4 Optimized coordination values of protonated pyridine and its derivatives.
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Inhibitor R (A°) N-AKI)
A C(20)-N( I9)-AI {1) D C(20)-N{ I9)-A! ( U-AI (4)
A Table 5 Optimized charges values of protonated pyridine and its derivatives. The N-Al adsorption distance was obtained from the optimization calculations (Table 4) .
N(I9)-A1(I)-AI(4) D N(19)-AI(I)-AI<4)-
These results show that a N-Al covalent bond between the inhibitor ant the Al-surface has been formed.
Model of the co-adsorption with H ads and CI , N0 3 .
Hydrocholoric and nitric acids solutions are used for inhibition of Al-surface and these two acidic media are compared.
The key factor of their inhibition properties is the characteristics of their electronic and molecular structure but not their molecular areas. The results optimized by the HF method show that they can be adsorbed on the Al-surface in the inclined states, and the inclined angles of the inhibitors adsorbed on the Alsurface are different from each other ( Tables 7, 9 and Figs. 6, 7). Their common point is that the Ν atom in the pyridine ring is nearer to the Al-surface. Table 7 Optimized coordination values of the co-adsorption model with one adsorbed hydrogen and one CI. Table 8 Stability energy values of the co-adsorption model with one adsorbed hydrogen and one CI. Table 9 Optimized coordination values of the co-adsorption model with one adsorbed hydrogen and one NO . To investigate the relationship between the inhibitor adsorption and its influence on the hydrogen entry into the 2-picoline, 4-picoline, 2,4-lutidine, the co-adsorption of protonated pyridine with adsorbed hydrogen and CI or N0 3 was modeled. The Al-surface with one hydrogen and one CI or N0 3 was used as the substrate for modeling the co-adsorption (Figs.8, 9 ).The results of the optimized calculation are shown in Tables 7 to 10 . Comparing Tables 8 and 10 to 6, we can find the stabilization energy increases. It may be the adsorption of CI or N0 3 that causes the increase of the negative charge on the Al-surface, which improves the interaction between protonated pyridine and the Al-surface. We can conclude that the adsorption of the inhibitor is possible only at a surface partially covered with hydrogen and CI or N0 3 . It is now clear why pyridine and its derivatives can act as an inhibitor of the corrosion of aluminum.
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Comparison between two acidic media, hydrocholoric acid (HCl) and nitric acid (ΗΝ0 3 ), shows that pyridine and its derivatives (2-picoline, 4-picoline, 2,4-lutidine) strongly inhibit the Al-surface in HCl media
